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ABSTRACT 

Development testing of model and full-scale hardware to the 
abnormal environments created during a cargo aircraft crash 
has demonstrated that the accident-resistant container (ARC) 
can protect an enclosed warhead from these abnormal environ
ments* This protection reduces the probability of initiation of 
the warhead HE, 

Transfer of the plutonium limit to the ARC may permit t rans
porting increased numbers of warheads on a single transport 
vehicle. 

Testing of one warhead configuration has been completed. 
Production can be initiated for transporting that system in the 
ARC. Other systems need test evaluation and certification 
before being transported in the ARC. 
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SAFETY FOR WARHEAD TRANSPORT 

Introduction 

The accident-resistant container (ARC) has an inner container size and shape which will 
dimensionally accommodate about two-thirds of those weapons currently in stockpile. The ARC 
will not accommodate the bombs without disassembly. Weapons with, a diameter greater than 
0.520 m or a length greater than 1.54 m cannot be placed in the ARC. 

The ARC design (Figure 1) incorporates a bolster attached to the cylindrical body by shear 
pads. The bolster has handling and tiedown provisions, whereas the shear pads provide for 

mitigation of the normal environments. 
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Figure 1, Accident-Resistant Container With Typical Payload 



The ARC differs from the s tandard H-container currently used for weapon shipments in that 
it provides protection to the weapon from both the norma! environments of shipping and handling 
and the abnormal environments which might occur in a cargo vehicle accident, in seven- accidents 
involving an H-container with a weapon, there i s a high probability that the weapon's high explosive 
Would be initiated. The ARC provides res i s tance to abnormal environments and would reduce the 
probability of HE initiation and the subsequent d ispersa l of fissile mate r ia l . Analysis of available 

data indicates that the cargo aircraft accident c rea tes the most severe environments. ' 

The ARC has a lso been designed to mit igate t ransportat ion loads to acceptable weapon levels 

during normal shipping and handling of weapons. These c r i t e r i a were compiled Iron, the Sandia 

Environmental Data Bank and represent collection of data over an extended period o; t ime on all 

modes of t ransportat ion. 

The normal and abnormal environments used for the test evaluation of the ARC a r e l isted in 

Table U 

TABLE L 

ARC Design Cri ter ia 

A* Normal 

Tempera ture 

Humidity 
Pressure /Al t i tude 
Unidirectional Shock 

Recurrent Shock 

Vibration 
Radiation 

B. Abnormal 

Impact - Any Angle 

Sympathetic Detonation 

F i r e 

Puncture 

Crush 
] mmersion 

230 to 325 K 

5% to 100%RH 
-120 m to +9145 m 
43 g 's , 2 0 m s , 1/2 sine (boxcars) 1 

I 7 g f s , 52ms, 1/2 sine (ATMX) 

3-g peaks, 2-5 Hz 
1-5-g peaks, 5-20 Hz 

2-2000 Hz, r.indom, shaped for esch c a r r i e r 
1130 W/m , 14 hr\ 1/2 sine 

84 m / s 

81 . B-kg HE donor (in ARC) 

1285 K blackbody for 1 hour 

9 g at 810 m / s 
30, 000-kg line load 

460 m of water, salt o r fresh 
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The normal environment* a r e not expected to present any problems In certifying the weapon 
for shipment. Calculations Tor the shear pad deflign indicate proper mitigation of the normal input 
environments to levels acceptable for weapon shipment. Testing has not been completed to verify 
compliance with the normal environments. 

Test evaluations of the ARC to abnormal environments of impact, sympathetic detonation, 
fire, and puncture have been completed. Crush and immersion have not been tested. 

Test data a r e available to demonstrate resistance to the abnormal environments as follows: 

Impact: Models and full-scale hardware have been impacted into a hard, flat 
11-2D 22 23 steel target and have survived at the 84-m/a impact velocity. ' ' 

Sympathetic Detonation: Models and full-scale hardware have been subjected 
to explosive disassembly and fragment impact. An evaluation of the acceptor units 

11 13 20 demonstrated their successful survival of the explosive environment. * * 

Fire: Models and full-scale test panels have been subjected to 1285 K blackbody 
radiation. An evaluation showed that the hardware survived the environment. ' 

Tbe ARC was also tested for its ability to dissipate the internal boat generated 
21 by the weapon. 

Puncture: Full-scale panels representative of the ARC construction were 
tested with both 7.62-mir and 12.7-mm armor-piercing projectiles fired at maxi-

25 
mum velocity for resistance to penetration. No penetrations were observed. 

Crush: Loading the ARC to 30,000 kg is not considered a threat to the integrity 
of the ARC because of its ability to withstand high-velocity impact* 

Immersion: Calculations indicate that the ARC has positive buoyancy. 

The features designed into the ARC to provide a system which will survive the abnormal 
environments and thereby provide safety for the weapon during transportation also provide a limited 
resistance to weapon diversion. The size of the ARC makes it difficult to move without the proper 
equipment. With the proper equipment, the removal of a weapon from the ARC takes about 1 to 
1. 5 hours. 
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The acc ident - res 1st ant container has a demonstrated capability to p - d m r the probability of 

ill- initiation when the weapon is subjected to abnormal (accident) environments, liased upon the 

test evaluation completed on the ARC, production would be possible tn 12 to 18 months mt»-r 

authorization for the weapon evaluated by full-scale test ing. 

Background 

1 2-4 
The consensus of the AEODOD study and the Sandia Laborator ies study is that recent 

dissident group activities within the U. S. emphasize the need lor g rea t e r securi ty and safely in 

shipment of nuclear weapons* Reference 4 cal ls attention to the need for g rea t e r securi ty and 

safety in all modes of t ransportat ion (truck, r a i l , and a i r ) . 

Sandia is currently procuring a rmored t r ac to r s and safe-secure t r a i l e r s and is designing a 
sa fe-secure r a i l c a r . The ARC was developed to provide the des i red safety far a i r t ranspor t of 
weapons. Air t ranspor t ' rovides securi ty after the aircraft is a i rborne, but the ARC is required 
to provide sa fe ty—or at least a reduced probability of scattering fissiK- mate r ia l—when an 
accident occurs . The safe-secure t r a i l e r can be used for transporting the weapons to and from 
the a i r te rminal , thereby enhancing the securi ty of the ground movement required in a i r t ranspor t . 

Using ARC in conjunction with either ra i l or truck shipments enhances the safety or the 

weapon, as the ARC resis tance to accident environments provides additional protection. Kigures 2 

and 3 a r e plots of the impact and fire environments to be expected from an accident involving 

a i rcraf t , t ra in , or t ruck. The ARC capability to withstand these environments is shown as a 

ver t ical dotted l ine. For example, in Figure 2 the ARC capability is 84 m / s and, by following 

this line vert ical ly, one observes that the ARC p' ->v-ies protection for approximately S3 percent 

of fixed-wing aircraft impact and nearly all the r ^ a r y - w i n g aircraf t , t ra in , and truck impacts* 

Figure 3 shows the ARC capability to be 3 hours exposure to 1285 K blackbody radiation and, 

by following this line vert ical ly, one observes that the ARC provides protection for approximately 

80 percent of t ra in f i res , approximately 95 percent of truck f i res , and nearly all rotary-wing and 

fixed-wing aircraft f i res . 

The need for the ARC was established in Reference 4, and the feasibility was reported in 

References 5 and 6, From the design shown in the feasibility study, a limited number of one-

eighth- and one-fourth-scale models were procured and tested. These tes ts served to demon

s t ra te not only that scaling laws are valid but that severa l of the concepts in the feasibility study 

needed to be reviewed. 

D 

The program plan was submitted for approval in April 1971, and formal approval was 
g 

obtained in Kovember 1971, 



IMPACT VELOCITY (iTl/s) 

Figure 2. ARC Cumulative Distrubtion Function 
in Accidents Involving Impact 

FIRE DURATION imv\ hr) 

Figure 3. ARC Cumulative Distribution Function 
in Accidents Involving Fire 



Baiic Problems 

Problemi related to the dynamic crush s t r e s s of ma te r i a l s , the fire res is tance of mater ia l s , 

and the ability of m a t e r i a l ! to deform dynamically without significant rupture have been solved. 

The mate r ia l s of construction and the configurations for the ARC have been selected and tested 

for the i r demonstrated performance capability. 

Impact performance has been demonstrated both on scale models u:»d on full-scale Altt'Vs. 

Fragment impacts from explosively destroyed models , as well as 7» G2-mm (. 30 cail and 12. 7~mm 

4,50 cal) a rmor-p ie rc ing projecti les impacting a full-scale panel, have not penetrated the AIM" 

s t ruc tu re . Demonstration tes t s on models have indicated that load sp reade r s will prevent the 

inner container from chiseling through the f i r e -ba r r i e r redwood and approaching the cuter con

ta iner during oblique impact . Compressed wood or virgin wood will provide the f i re - res is tance 

capability, 

Most modern weapons produce heat from radioactive mater ia l decay; this heat must be 

dissipated to the outside a i r by conduction through the ARC mate r i a l s . With single-weapon t r ans 

port in the ARC, the combination of heat s torage in the adaptive hardware* aluminum casting and 

aluminum inner container and the subsequent conduction to the outer container appear to give 

adequate heat d ispersa l to keep weapon tempera tu res within l imits . When a multiple quantity 

of high-heat-producing weapons is t ranspor ted , however, it may be necessary to install hr.at pipes 

for the conduction of heat to the outer container. The heat pines, which provide more efficient heat-

conduction paths , will remove g rea t e r quantities of heat and thereby keep the weapon tempera ture 

wjthin acceptable l imi t s . 

A full-scale demonstration of the ability of the ARC/warhead to reals': sympathetic propa

gation of detonation has been completed successfully. Also, scale^model sympathetic- detonation 

tes t s have been performed with excellent r e su l t s . The explosion tests have demonstrated lhat ihe 

ABC can be expected to prevent sympathetic detonation. The models and full-scale AltC's showed 

no penetration of fragments beyond the outer skin, even with a 1, 3-kg (full -si:ale a HI* ii u*!* ex

plosive donor. 

Construction 

The ARC is constructed of concentric shel ls of aluminum, redwood, and steel , A th ree -

quar te r section (Figure 1) i l lus t ra tes the construction c*" the unit. 

The inner container is made from a 77,5-mm closed-end forged 7075-T73 aluminum 
alloy. The cylinder is closed with a contour-machined aluminum disc forging and is held in 
place by 12 high-strength s tee l bolts 3/4 inch in d iameter . This aluminum inner cylinder is 



surrounded by redwood with the grain oriented to provide maximum compressive s t r e s s . The 
redwood compressed parallel to the grain exhibits a strength of about 37 MFa; when compressed 
perpendicular to the grain, it exhibits a strength of only 1 MPa- The redwood exhibits a 70-percent 
compression at nearly constant load when loaded in either direction. For maximum load-carrying 
or energy-absorbing capability, therefore, the redwood must be compressed parallel to the grain. 
This configuration requires that the wood across the ends of the inner cylinder have *he grain 
oriented parallel to the longitudinal axis and that the wood along the sides of the cylinder have the 
grain oriented along radial lines (perpendicular to the longitudinal axis of the inner cylinder*. 

A ring of redwood with the grain oriented parallel to the inner cylinder longitudinal axis 
was placed around both the end-grain redwood across the ends of the inner container and the 
radial-grain redwood covering the cylindrical portions of the inner cylinder. This longitudinal-
grain redwood was placed at the outer diameter to provide additional energy-absorption capability 
for longitudinal impact. Lumber or 50- by 50-mm dimensions was used to fabricate this r ing. 

The redwood is surrounded by a 6.4-mm HY-80 allpy steel shell. This material is 
\ough and, although it has 550-MPa yield strength, it also exhibits 22-percent elongation. The 
HY-80 steel shell is closed with stainless steel (304 alloy) doors with a yield strength of 240 MPa 
and 60-percent elongation. Doth doors are held in place with 36 high-strength steel bolts 1.0 inch 
in diameter. The construction of the door provides a spun angle over the outside of the steel 
cylinder and a spun flanged head inside to captivate the cylinder between two rings. The flanged 
head also provides the structure for mounting nutplates. 

The ARC is mounted on a bolster which provides the means for handling, transport, and 
tiedown (Figure 1). The bolster, although not intended to help in the energy absorption of high* 
velocity impact, is designed to be as light in weight as possible and to provide additional positive 
buoyancy for the ARC. 

The ARC is 2.85 m long and has an OD of 1. 31 m; the payload cavity is 1,69 m long at the 
ct-nterline and has an ID or 520 mm. The ARC weighs approximately 3630 kg, including a payload 
of 340 kg. 

Bonding of the entire assembly forces each component to ret in shear on the adjacent members 
during high-velocity impact. 

Compatibility 

The ARC has a warhead cavity, 520 mm in diameter by .54 m long (cylindrical) and 1.69 m 
long (centerline), that can accommodate a variety of warheads. Special adaptive hardware fitted 
to the warhead is designed for maximum protection of the warhead high explosive during accident 
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environments- It may be s tored separately from the ARC* Movement of warheads without tht-
ARC would requi re a dolly designed to mit igate handling loads to acceptable levels for the sperifn-
warhead* Also, for s torage and local t ransportat ion, present weapon H-containers a re availaijii-. 

AHC Applications 

The ARC is dimensionally compatible with approximately two-thirds of the stockpile weapons 

as well as with both a i r and ground t ransportat ion. The utility of ARC is further eiiham-eii by the 

t ransportat ion of one, two, o r th ree warheads in a s ingle ARC- This mult iple-warhead capability 

for some weapons, coupled with the t rans fe r of the plutonium limit from the vehicle to the AHC, 

resul t s in a g rea t e r weapon load capacity and fewer t r ips for the t ransport vehicle, Reference 24 

provides data on the quantity of plutonium contained in all stockpiled warheads, some of which may 

be t ransported by the ARC in multiple quantities. 

ARC Air Transpor t 

The ABC's demonstrated capability to withstand cargo aircraft accident environments and 
'hereby reduce the probability of initiation of '.he weapon ITE permits assigning the plutonium 
limit to the ARC. 

Using the plutonium limit t ransfer and the 29. 930-kg pay load capability of the C-141A, as 

published b* . *-j:eed in the Standard Aircraft Character is t ics C-141A, eight ARC units could bo 

t ranspor t . . t ni3 :• -jnber of ARC units per t r ip would result in an approximate 30-percent 

reduction r .v- v -i »b« of t r ips required* A recent informal conversation with a representat ive 

of the Au • .. «ndicatA3 that the aircraft is loaded only to 18,140 Ug, and this reduces the numbc: 

of ARC units to five. 

AHC/rnKK Transport 

Using the ARC with the sa fe-secure t ra i le r provides redundant protection for impact, fire, 
and projectile impact, and may, for a few weapons, increase the number which may be t r ans 
ported. Transfer of the plutonium limit to the ARC would permit car iying the g rea t e r quantity. 

H 



-AHC/Hailear 1 • ansport 
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The ATMX ra i l ca r used for nuclear weapon transport was designed for impact res i s tance . 
Resistance to fire and penetration was not included in the original design. Again, the t ransfer 
of the plutonium limit to the ARC r.,ay permit an increased number oi weapons to be t ransported. 
Fur ther , close packaging of the ARC units in the ATMX ra i lcar would provide delay in the removal 
o( the AIM." and also in the removal cf a weapon; security would therefore be increased . 

J se of the AHC in the AT MX ra i lcar (Figure 4j would enhance the protection of the weapon 
by providing increased impact protection (Figure 2>, increased fire protection (Figure 3(, increased 

projecti le penetration protection {no penetration from 12,7 mm-AP) , and limited increase in the 

t ime required to remove a weapon from the r a i l ca r . 

Figure 4. ATMX Railcar With ARC 

Even though the ra i l ca r may be breached easily, the ARC must be removed before the 

initiation of disassembly procedures* The closely packed ARC units would hamper disassembly 

operations within the railcar* Cutting the ra i l ca r , cutting tiedown hardware, removing an ARC, 

and disassembly of the ARC would provide a delay which would give a response force additional t ime 

to a r r ive and prevent the diversion of a weapon. 

If uircumstanees required the transport of weapons in a standard freight ra i l ca r , the ARC 

would provide increased protection over that provided by the H-container. 

Environmental Effects Assessment 

The ARC, through its designed accident res is tance , provides a benefit to the environment by 
offering increased res i s tance to all modes of attack that have the potential for scat ter ing fissi le ma
te r ia l . Tlit ARC is designed to r e s i s t aircraft c rash environments and, therefore, would res i s t the 
c rash environment created during truck or ra i l t ranspor t , as these environments a re reduced in 

IS 



their magnitude and intensity* As a reault of the design for impact res is tance , the AHC ha* ;* Ure 
res i s tance equivalent to a 3-hour exposure to a 1285 K blackbody radiation, f u r t h e r , the AUC has 
a demonstrated res i s tance to penetration of 12* 7-mm armor -p ie rc ing projecti les ai maximum 
muzzle velocity* Fu l l - sca le testing to demonstra te res i s tance to sympathetic detonation has been 
completed. 

Conclusions and Recommendations 

The ARC design goals given In Tcble Ii have been fulfilled by the present ARC design, 

TABLE II 

ARC Design Goals 

1, To reduce probability of HE detonation from 

s lligh-velocity container impact 

• Long-term fuel fire 

• High-velocity fragment/project i le impact 

• Sympathetic initiation 

2, To render the container 

• Compatible with as many stockpile weapons as possible 
• Compatible with current t ransportat ion c a r r i e r s 

{air ~ truck - rai l) 
• Capable of meeting STS requirement for each weapon 

3, To achieve the following passive system attributes 

• No special handling required 

« Long- term usage 
• Minimum maintenance 

• Minimum cost 

Development testing of sca le models and full-scale ARC'S has successfully demonstrated that 
the ARC Design Cr i t e r i a (Table 1) and the ARC Design Goals (Table 11) have been fulfilled, Evalu
ation of the design and calculations performed have permitted a judgment that the STS or normal 
environments can be met , even though actual testing has not been completed. 

The safely of weapon transport i i enhanced by the ARC in all modes of t ransportat ion, and 

the delay t ime of removal and disassembly provides security by giving increased time for the 

a r r iva l of a response force. 



The uniform appearance of the waapona In a shipment precludes selection or a specific tvpe 

for diversion or Initiation attempts. 

Demonstrated resistance to accident environments will reduce the probability of IIE initiation 
and the subsequent spread of fissile material. 

Assignment of the plutoniuxn limited to the ARC, permitted by a demonstrated resistance to 
sympathetic initiation of the weapon1* HE, can increase the number of weapons transported by a 
vehicle. 

ARC capabilities may be summarized as follows: 

• Resistance to a fuel fire for 3 hours at 1285 K 
• Resistance to impact up to 84 m/a 

m Resistance to penetration of high-velocity armor-piercing projectiles 
up to 12.7 mm 

• Potential for permitting an increased number of weapons to be trans
ported on a single vehicle by transferring the plutonium limit to the ARC 

« Dimensional compatibility with transporting about two-thirds of the 
currently stockpiled weapons 

» Compatibility with all modes of transportation. 

The ARC described in this report has been designed and tested to a specific set of design 
criteria, but the basic technology assembled during this program can be used to design an ARC 
to meet any desired criteria. Short development times are possible for new desigrs with this 
currently available technology. 
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